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RADIATION CURABLE COMPOSITION 
COMPRISING FLUOR INATED URETHANE OLIGOMER 



Technical Field 

This invention is directed to radiation curable 
oligomer compositions that are useful as coatings for 
10 various substrates. 

Background of the Invention 

There are many applications that require 
radiation curable coating composition that are optically 

15 clear and resist penetration or absorption by water or 

chemicals. For example, carrier coatings and coatings for 
optical glass fibers should have these properties. 
Furthermore, barrier coatings and coatings for optical 
fibers should retain these properties over a broad 

20 temperature range. 

Fluorine-containing polymers are very resistant 
to penetration by water and chemicals and therefore are 
well suited for use as barrier coatings. A patent 
application disclosing f luor opolymer claddings for optical 

25 fibers f designated AD-D014 140 to Klinger et al., was 
published by the Office of the Chief of Naval Research, 
U.S.A., on May 12, 1989. The cis-trans fluoropolyol 
polyacrylate coating is referred to therein as an infinite 
network f luoropolymer . As a result, the f luoropolymers 

30 disclosed in the Klinger et al. application have a very 
high molecular weight. These very high molecular weight 
fluoropolyol polyacrylate polymers, when used in coating 
compositions, are not easily applied to substrates. 

U.S. Patent No. 4,968,116 discloses optical 

35 fiber coating compositions that compris a fluorinat d 

mono acrylate, a polyf unct ional cross-linking acrylate and 
a photoinitiator . 
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Summary of the Invention 

The present invention is directed to radiation 
curable oligomer compositions that are curable by free 
radical or a cationic mechanism. 
5 The compositions of the present invention 

comprise a fluorinated ur ethane oligomer; at least one 
diluent monomer; and a photoini tiator . The fluorinated 
urethane oligomer is the reaction product of a fluorinated 
polyol ,- a po ly i s ocyana t e and a isocyanate r-eac-t-ive -monomer 
10 containing ethylenic unsaturat ion. The isocyanate reactive 
monomer is preferably a (meth)acrylate, vinyl ether, 
maleate or fumarate. The diluent monomer is preferably a 
fluorinated monomer. 

The fluorinated urethane oligomer has a molecular weight 
15 in the range of about 700 to about 10000, preferably about 
1000 to about 5000. 

The present invention also relates to methods of 
applying the above compositions to substrates and to 
substrates coated with the above compositions. 

20 

Brief Description of The Drawings 

FIGURE 1 illustrates the water-insensit ivity of 
the coating composition of the present invention as 
indicated by the graph of weight change in water versus 
25 time; 

FIGURE 2 illustrates the hydrocarbon 
insensit ivity of the coating composition of the pres nt 
invention as indicated by the graph of weight change in 
hydrocarbon versus time; and 
30 FIGURE 3 illustrates the effect of temperature 

on the modulus of the coating composition of the present 
invention. 

Detailed Description of the Present Invention 
35 The fluorinated oligomers useful in the 

compositions of the present invention are the reaction 
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product of a fluorinated polyol, a polyisocyanate and an 
isocyanate reactive monomer containing ethylenic 
unsaturat ion. The resulting oligomers have molecular 
weights that are generally in the range of about 700 to 
5 about 10000, preferably about 1000 to about 5000. They are 
also substantially free of isocyanate functionality. Th se 
fluorinated oligomers are combined with a diluent and a 
photoinit iator to form the radiation curable compositions 
of -fchs -pr-esent invent i on . 
10 The fluorinated polyols which are reacted with a 

polyisocyanate and endcapped with a functional compound 
containing ethylenic unsaturation to make the compositions 
of the present invention preferably include fluorinated 
polymethylene oxide f polyethylene oxide, polypropylene and 
15 polytetramethylene oxide or copolymers thereof endcapped 
with ethylene oxide. The preferred fluorinated polyols are 
the Fomblin 2-Dol TX series of products, marketed by 
Ausimont USA Inc. These polyols are fluorinated 
poly (ethylene oxide-methylene oxide) copolymers endcapped 
20 with ethylene oxide. 

Other suitable fluorinated polyols include 
polyols such as L-12075 marketed by 3M Corporation and the 
MPD series of polyols marketed by DuPont. 

Any of a wide variety of organic 
25 polyisocyanates , alone or in admixture, can be reacted 

with the fluorinated polyols and ethylenically unsaturated 
isocyanate reactive compounds to form the endcapped 
fluorinated oligomers of the present invention. 
Diisocyanates are the preferred polyisocyanates. 
30 Representative diisocyanates include isophorone 
diisocyanate (IFDI), tolu ne diisocyanate (TDI), 
diphenylmethylene diisocyanate, hexamethyl ne 
diisocyanate, cyclohexylene diisocyanate, methylene 
dicycloh xan diisocyanate, 2 , 2 , 4-tr imethyl hexamethylene 
35 diisocyanate, m-phenyl ne diisocyanate, 4-chloro-l , 3- 

ph nyl ne diisocyanate, 4 , 4 '-biphenylene diisocyante, 1,5- 
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naphthylene diisocyanate, 1,4-tetram thylene diisocyanate 
1 , 6-hexamethylene diisocyanate, 1 , 10-decamethylene 
diisocyanate, 1 , 4-cyclohexylene diisocyanate, and 
polyalkyloxide and polyester glycol diisocyanates such as 
5 polytetramethylene ether glycol terminated with TDI and 
polyethylene adipate terminated with TDI, respectively. 
The preferred isocyanate is IPDI. 

The fluorinated polyol and polyisocynate are 
combined in a- -weight ratio -of- -about l* 5 tl to about 7* 5 ;1 

10 fluorinated polyol to polyisocyanate. The fluorinated 

polyol and polyisocyanate are reacted in the presence of a 
catalyst to facilitate the reaction. Catalysts for the 
urethane reaction, such as dibutyltin dilaurate and the 
like, are suitable for this purpose. 

15 The isocyanate-terminated prepolymers are 

endcapped by reaction with an isocyanate reactive 
functional monomer containing an ethylenically unsaturated 
functional group. The ethylenically unsaturated functional 
groups are preferably acrylates, vinyl ethers, maleates, 

20 fumarates or other similar compounds. 

Suitable monomers that are useful to endcap the 
isocyanate terminated prepolymers with the desired 
(meth)acrylate functional groups include hydroxy 
functional acrylates such as 2-hydroxy ethyl acrylate, 2- 

25 hydroxy propyl acrylate and the like. 

Suitable monomers which are useful to endcap the 
isocyanate terminated prepolymers with the desired vinyl 
ether functional groups include 4-hydroxybutyl vinyl 
ether, triethylene glycol monovinyl ether and 1,4- 

30 cyclohexane dimethylol monovinyl ether. Suitable monom rs 
which are useful to endcap the prepolymers with the 
desired maleate functional group, include maleic acid and 
hydroxy functional mal at s. 

Preferably, there is a suffici nt amount of 

35 isocyanate reactive functionality in the monomer 
containing acrylate, maleate, vinyl ether or other 
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ethylenically unsaturated groups to react with any 
residual isocyanate functionality remaining in the 
prepolymer and endcap the prepolymer with the desired 
functional group. The term "endcap" means that a 
functional group caps each of the two ends of the 
prepolymer . 

The isocyanate reactive ethylenically 
unsaturated monomer is reacted with the reaction product 

preferably takes place in the presence of an antioxidant 
such as butylated hydroxytoluene (BHT) and the like. 

In the reaction between hydroxy and isocyanate 
groups, it is preferred to employ a stoichiometric balance 
between hydroxy and isocyanate functionality and to 
5 maintain the reactants at an elevated reaction temperature 
of at least about 40°C until the isocyanate functionality 
is substantially consumed. This also indicates the hydroxy 
functionality is similarly consumed. The mole ratio of the 
polyether/isocyanate reaction product to the ethylenically 
0 unsaturated monomer is 0.5:1. 

The resulting alkoxylated fluorinated oligomer 
preferably comprises about 30 weight percent to about 90 
weight percent of the coating composition of the present 
invention and more preferably about 30 to about 80 weight 
5 percent of the coating composition. 

The fluorinated oligomers used in the 
composition of the present invention have a viscosity of 
about 10000 centipoise to about 10000000 centipoise. The 
fluorinated oligomers are preferably combined with a 
0 diluent monomer to reduce their viscosity and make them 
mor readily appli d as coatings. The dilu nt monomer acts 
as a solv nt to r duce the viscosity of the fluorinated 
oligomer by forming a solution. The diluent monomers are 
preferably fluorinated to impart the optimum properties to 
5 the coating composition. 

R presentative diluent monomers include the 
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following fluorinated acrylate monomers: 

2,2,3 , 3-tetraf luoropropyl acrylate which can be 
commercially obtained from the Polysciences Corporation in 
Warrington, Pennsylvania, U.S.A., and from the PCR 
5 Corporation in Gainesville, Florida, U.S.A. designated as 
item number 07578 in the Polysciences Catalog and item 
number 12432-1 in the PCR Catalog; 

lH,lH,5H-octafluoropentyl acrylate which can be 
C3mmer-s-i-a-ll-y obtained . -f-r.om. the Polyscie nces Corpora tion in 
10 Warrington, Pennsylvania, U.S.A. , designated as item 
number 21044 in the Polysciences Catalog; 

1H, lH,2H,2H-heptadecaf luorodecyl acrylate which 
can be commercially obtained from the Polysciences 
Corporation in Warrington, Pennsylvania, U.S.A. designated 
15 as item number 19227 in the Polysciences Catalog; 

a cyclic composition designated by the formula: 

0 

C 6 F u CH 2 OCCH=CH 2 

which can ben commercially obtained from the Minnesota 

2 0 Mining and Manufacturing Company (3M) in St. Paul, 

Minnesota, U.S.A., designated as item number L-11619 in 

the 3M Catalog; 

a composition designated by the formula: 

0 CF 3 

2 5 [CH 2 =CH-C0CH 2 CF-O[CF(CF 3 )CF 2 O] 2 C 2 F«] 2 which can be 

commercially obtained from the 3M Corporation, designated 
as item number L-12043 in the 3M Catalog; 

a composition designated by the formula: 
0 0 

3 0 CH 2 =CHCOCH 2 (C 2 F 4 0) a -(CF 2 0) n CH 2 OCCH*CH 2 which can be 

commercially obtained from th 3M Corporation, d signated 
as it m number L-9367 in the 3M catalog; and 

a composition designated by the formula: 
0 

35 C a F 17 S0 2 N(C,H 9 )CH 2 CH 2 OCCH=CH 2 which can be commercially 

obtained from the 3M Corporation, designated as FX-189 in 
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the 3M Catalog. 



The diluents preferably comprise about 10 to 



about 70 weight percent, more perferably about 14 to about 
69.9 weight percent based on the total weight of the 
5 coating composition of the present invention. 



prepared by mixing the fluorinated urethane oligomer, the 
diluent monomer and optionally the photoinit iator and 
other c omp onen t s * Pref exabl-y t he f In ox inated ux-sthane i n 

10 solved in the diluent monomer and a photoinit iator to form 
a liquid coating composition. When the compositions of the 
present invention are cured by exposing them to actinic 
energy of appropriate wavelength, such as ultraviolet 
light, a photoinit iator is admixed with the fluorinated 

15 oligomer solution. Preferred photoinit iator s include 

hydroxy- or alkoxy-f unct ional acetophenone derivatives, 
preferably hydroxyalkyl phenyl ketones, or benzoyl diaryl 
phosphine oxides. Oligomers having the two different typ s 
of ethylenic unsaturat ion, i.e., the vinyl ether group and 

20 another ethylenically unsaturated group, copolymerize 
rapidly in the presence of these photoinit iators to 
provide a rapid photocure and also interact rapidly upon 
exposure to other types of energy when no polymerization 
initiator is present. 

25 The acetophenone derivatives that may be used 

have the Formula I: 



30 in which R ra is an optional hydrocarbon substituent 

containing from 1 to 10 carbon atoms and which may be 
alkyl or aryl, e.g., m thyl ethyl, butyl, octyl or phenyl, 
X is selected from the group consisting of hydroxy, C L to 
C< alkoxy, C± to C 9 alkyl, cycloalkyl, halogen, and aryl, 

35 e.g. phenyl, or 2 Xs together are cycloalkyl. 



The compositions according to the invention are 



(I) 




Many compounds have the required structure. The 
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alkoxy groups are preferably methoxy and ethoxy, the 
cycloalkyl group is preferably cyclohexyl or phenoxy, the 
alkyl group is preferably cyclohexyl, and the halogen is 
preferably chlorine. One commercially available compound 
is the Ciba-Geigy product Irgacure 651 which has the 
Formula II: 

(II) d 0 OCH 3 



- — j 




10 Irgacure 184, also from Ciba-Geigy, is another 

useful acetophenone derivative, and it has the Formula 
III: 

(III) , 0 OH 

-C - C - CH, - CH 2 
15 CH 2 - CH 2 - CH 2 

Still another commercially available useful 
acetophenone derivative is diethoxy acetophenone, 
available from Upjohn Chemicals, North Haven, CT, U.S.A. 
which has the Formula IV: 
20 (IV) y ^ 0 OCH 2 CH 3 

/ *-C-.H 
OCH 2 CH 3 

The hydroxyalkyl phenyl ketones which are 
preferred herein have the Formula V: 

25 (V) 

^ R° - OH 




in which R° is an alkylene group containing from 
2-8 carbon atoms and R n is an optional hydrocarbon 
30 substituent containing from 1 to 10 carbon atoms and which 
may be alkyl or aryl, .g., methyl, thyl , butyl, octyl or 
phenyl . 

Particularly pr ferr d compounds have th 
Formula VI: 



WO 96/23828 PCI7NL95/00041 

- 9 - 



(VI) 




in which each R p is independently an alkyl group 
5 containing from 1 to 4 carbon atoms. In the commercial 
product Darocur 1173 (available from E-M Company, 
Hawthorne, N.Y. , U.S.A.)* each R p is methyl. This provides 
a compound which can be described as 2-hydr oxy-2-methyl-l- 

_n.he.nv_l .nmnanp 1-nnp. 

t ^ a -j- _ c _ — 

10 The benzoyl diaryl phosphine oxide 

photoinit iators which may be used herein have the Formula 



VII: 




In Formula VII, R q is an optional hydrocarbon 
substituent containing from 1 to 10 carbon atoms and may 

20 be alkyl or aryl as previously noted, and each x is 
independently an integer from 1 to 3. In preferred 
practice, a 2 , 4 , 6-tr imethyl benzoyl compound is used, and 
the two aromatic groups connected to the phosphorus atom 
are phenyl groups. This provides the compound 2,4,6- 

25 trimethyl benzoyl diphenyl phosphine oxide which is 

available from BASF under the trade designation Lucerin 
TPO. 

When utilized, the photoinitiator is present in 
an amount in the range of about 0.01 to about 10.0, 
30 preferably about 0.1 to about 6.0, weight percent based on 
the total weight of the composition. 

Suitabl sourc s of actinic en rgy include 
lasers and other conv ntional light sources having an 
effectiv n rgy output, e.g., m rcury lamps. 
35 Th wavelength of the actinic energy xtends 

from the ultraviolet range, through the visible light 
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range and into the infrared range. Preferred wavelengths 
are about 200 to about 2,000, more preferably about 250 to 
about 1,000, nanometers (nm) . 

The amount of actinic energy utilized to 
5 solidify a 3 mil thick film is about 0,05 to about 5.0, 
preferably about 0.05 to about 1, Joules per square 
cent imeter ( J/cm 2 ) . 

The invention thus further comprises a process 
f or coa t rng a ^substrate compx~i~s~ing; dissolving a 

10 fluorinated urethane oligomer in a diluent monomer and a 
photoinit iator to form a liquid coating composition; 
applying the liquid coating composition to a substrate; 
and exposing the liquid coating composition to a 
sufficient amount of actinic energy to cure the coating 

15 composition on the substrate. The free-radical curable 

compositions of the present invention can be utilized in a 
variety of applications. For example, they can be utiliz d 
as coatings for many substrates such as textile fibers, 
polycarbonate and polyacrylic sheets, yarns, filaments and 

20 threads, fabrics, as primary and secondary optic glass 
fiber coatings, and as cladding for plastic optical 
fibers. They can also be utilized in a metallization 
process wherein a non-metallic substrate is provided with 
a metal finish, to produce objects utilizing an optical 

25 fabrication process as described in U.S. Patent No. 
4,575,330 to Hull, in composite materials, as flame 
retardants, residual lubricants and other applications. 

The following Examples are present by way of 
representation, and not limitation, of the present 

30 invention. 

EXAMPLE 1 ; Preparation of Fluorinated Oligomer with a 

Numb r Averag Molecular Weight of 2000 

Fomblin Z-Dol TX 3500 (Z-Dol TX 3500), [151.74 g 
35 (0.0914 eq.)] isophorone diisocyanate (IPDI) [33.96 g 

(0.3032 eq.)] and dibutyltin dilaurate (0.2g) were charged 
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into a four-necked round bottom flask fitted with a 
stirrer, dry air sparge, reflux condenser, thermometer, 
and a heated mantle on a thermostat-controlled automatic 
jack. The combined ingredients were maintained at 70°C for 
4 hours. The amount of free isocyanate remaining in the 
reaction product was measured to be 4.78 percent by a 
procedure in which a sample of the oligomer solution is 
reacted with a known amount of dibutylamine in excess. The 
amount of rema-in-i-ng--d-i-bu-t-y-l-amine is measured "by titration 
with Hcl, and the percent NCO is calculated. 2- 
hydroxyethyl acrylate (HAE) [24.46 g (0.2107 eq.)J and 
butylated hydroxytoluene (0.18 g) were added to the 
reaction product. After one hour, the percent free 
isocyanate was measured again and found to be negligible 
15 (< 0.1). The structure of the resultant fluorinated 
oligomer is schematically represented by: 

HAE-(IPDI-Z Dol TX 3500 ) 0 . o -IFDI-HEA 
in which the amount of IPDI-Z Dol TX 3500 is calculated by 
dividing the Egs. of polyol by the Eqs. of hydroxyethyl 
20 acrylate. 

EXAMPLE 2: Preparation of a Fluorinated Oligomer with 

a Number Average Molecular Weight of 1300 
Fomblin Z-Dol TX 2000, [186.9 g (0.2212 eg.)] 
25 isophorone diisocyanate [83.70 g (0.749 eq.)] and 
dibutyltin dilaurate (0.2 g) were charged into a 
fournecked round bottom flask fitted with a stirrer, dry 
air sparge, reflux condenser, thermometer, and a heating 
mangle on a thermostat-controlled automatic jack. The 
contents were maintained at 70°C for four hours. The 
amount of fr e isocyanate remaining in the reaction 
product was m asur d and found to be 7.72 weight percent. 
The reaction product was cooled to 60°C. BHT 0.25 g and 2- 
hydroxy thyl acrylate [61.3 g (0.5279 eg.)] were add d to 
the r action product. After one hour, the percent free 
isocyanate was measur d again and found to be negligible 



30 



35 



WO 96/23828 



- 12 - 



PCI7NL95/00041 



(< 0.1). Th structure of th r sultant fluorinated 
oligomer is represented schematically by: 

HAE-(IPDI-Z Dol TX 2000-) 0 . 42 -IPDI-HEA. 

5 EXAMPLE 3 : Preparation of a Fluorinated Oligomer with 

a Number Average Molecular Weight of 1000 

Fomblin Z-Dol TX 1000 [196*13 (0.3197 eq. ) ] 
isophorone diisocyanate [125.20 g (1.1199 eq. ) ] and 
"drbutyltin dilaurate (0.26 g) were changed i-n-to- a 

10 fournecked round bottom flask fitted with a stirrer, dry 
air sparge, reflux condenser, thermometer, and a heating 
mantle on a thermostat-controlled automatic jack. The 
combined ingredients were maintained at 80°C for three 
hours. The amount of free isocyanate in the reaction 

15 product was measured and found to be 11.02 percent. BHT 

(0.29 g) and 2-hydroxyethyl acrylate [97.8 g (0.8422 eq.)] 
wer^ added to the reaction product. After one hour, th 
percent free isocyanate was negligible (< 0.1). The 
structure of the resultant oligomer is represented 

20 schematically by: 

HAE-(-IPDI-Z Dol TX 1000- ) 0#37 -IFDI-HEA. 

EXAMPLE 4 : Coating Composition containing Fluorinated 

Oligomers 

25 Coating compositions were prepared using th 

fluorinated oligomers described in Examples 1 to 3. A 
fluorinated oligomer was combined with a diluent monom r 
and a photoinit iator in the amounts described in Table 1. 
From 35 to 78 weight percent of the fluorinated oligomer 

30 was combined with from 20 to about 63 weight percent of 
th r active dilu nt and about 2 weight percent of th 
photoinit iator . 

Fiv coating compositions were pr par d, thr 
using the fluorinated oligomer of Example 1, one using the 

3 5 fluorinated oligomer of Example 2 and one using the 
fluorinat d oligomer of Example 3. 



WO 96/23828 PCT/NL95/0004 1 

- 13 - 



The fluorinated oligomer, diluent monomer and 
photoinit iator were combined using a mixer. Each 
composition was applied to a glass plate and subjected to 
a dosage of 1 J/cm 2 radiation. The physical properties of 
5 the coatings thus obtained were measured thereby 

demonstrating the effectiveness of the coatings. The 
results of the measurements so made are reported in Table 
1 below. 
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TABLE 1 

Properties of Cured Compositions 
According to the Present Invention 



5 





Oligomer 
(wt.%) 


Example 
1 

68% 


Example 
1 

78% 


Example 
1 

78% 


Example 2 
62% 


Example 3 
62% 


Example 4 
35% 




Diluent 
monomer 
(wt.%) 


PoTySclT" 

21044 

30% 


PoiyScI -- 

07578 

20% 


3H — - — 

L-11619 
20% 


3M- — 

L-11619 

36% 


3M" 

L-11619 
36% 


3r 

L-11619 
63% 




Photoin- 

itiator 

(wt.%) 


Irgacure 

184 

2% 


Darocur 

1173 

2% 


Irgacure 

184 

2% 


Lucerin 

TPO 

2% 


Lucerin 

TPO 

2% 


Lucerin 

TPO 

2% 


15 


Viscosity 

(CP) 








6300 


4200 


215 




Tensile 

strength 

(MPa) 


8 


14 


11 


21 


33 




20 


Elongation 
(%) 


69 


58 


46 


36 


13 






Modulus 
(Mpa) 


34 


204 


183 


548 


862 






Liquid RI 








1.3925 


1.4119 


1.389 


25 


Film RI 








1.41 


1.431 






COF (to 

Stainless 

Steel) 








0.18 


0.06 




30 


COF (Film 
to Film) 








0.19 


0.17 






The physii 


:al prop 


erties of the coatings 


reported 


in Table 



1 v re measured as discussed below. 

35 
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Viscosity 

The viscosity, expressed in centipoise (cp) was 
measured using a Brookfield Model RVTD viscometer operated 
in accordance with the instructions provided therewith. 
5 The temperature of the sample tested was 25°C. 
Tensile Properties 

A film for determination of the tensile 
properties, i.e., tensile strength Megapascals (Mpa), 
per cent" el'onga't To rn~ a~t~ ' br eak ~( %~) ~a~nd~ "modul us a"t 2 75%" 

10 elongation (Mpa), of the coating was prepared by drawing 
down a 3 mil coating on glass plates using a Bird bar, 
commercially available from Pacific Scientific, Silver 
Springs, MD. An automatic draw down apparatus like a 
Gardner AG-3860 commercially available from Pacific 

15 Scientific, Gardner /Neotec Instrument Division, Silver 

Springs MD, can be utilized. The coating was cured using a 
"D" lamp from Fusion Curing Systems, Rockville, MD. The 
"D" lamp emits radiation having a wavelength of about 200 
to about 470 nanometers with the peak radiation being at 

20 about 380 nanometers and the power output thereof is about 
300 wats per linear inch. The coating was cured at a dose 
of about 1 J/cm 2 which provided complete cure. The film 
was then conditioned at 23 ± 2°C. and 50 ± 3% relative 
humidity for a minimum time period of 16 hours. 

25 Six, 0.5 inch wide test specimens were cut from 

the film parallel to the direction of the draw down and 
removed from the glass plate. Triplicate measurements of 
the dimensions of each specimen were taken and the average 
utilized. The tensile properties of these specimens were 

30 then determined using a Instron Model 4201 from Instron 
Corp., Canton, MA, U.S.A. operat d in accordance with the 
instructions provided therewith. 

COF (Coefficient of Friction) 
35 The coefficient of friction properties of cured 

films are determined by the following procedure: 
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The cured coating, as a draw-down on a glass 
plate, is attached to a horizontal support table on the 
Instron testing instrument. The friction surface, with a 
dead weight load, is then drawn across the film at a 
5 specified rate, and the stress-strain recorded. The 

steady-state average stress value is taken from the curve 
and the coefficient of friction is calculated. 

A Universal Testing Instrument, Instron Model 
4-2-0-1- f -or -equ-i-va-l-ent , equipped -v-i-fe-h- an -a-ppr-opr i-at-e data 

10 system and applications software, load cell (ten pound 
capacity), support table with pulley, COF sled, weighing 
approximately 100 g, double sided transparent adhesive 
tape, 3M, 2.0 in width, or equivalent, blade handle, size 
# 4, Bard-Parker 1040 or equivalent and scalpel blades, 

15 size # 23, SGA Scientific Catalog # D-5451 or equivalent, 
are utilized. 

To determine the film-to-film COF, the COF sled 
containing the coating square is placed coating side down 
onto the beginning of the test path with wire kept taught 

20 and permitted to travel four inches. This is repeated five 
times . 

To determine the dynamic coefficient of 
friction, the system is the same except the COF sled is 
placed, balls down, on the cured film at the end of th 

25 selected path, with the wire taught. 

Cured films for the material to be tested ar 
prepared and cut to the size of the COF sled. The square 
of cured coating is attached to the smooth side of th COF 
sled with double-sided tape. The COF sled with and without 

30 the coating square attached, is weighed. 

The instrum nt is s t-up by installing the load 
cell and pneumatic action grips, installing the support 
table in the lower Instron fixture, setting the crossh ad 
speed to 10.00 inches/minute, and stringing the COF sled 

35 wire along the support table and through the grooved 

pulley wheel. The line is attached in the upper pneumatic 
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grip, leaving a little slack. 

The COF for each replicate is calculated by 
dividing the replicate value by the weight of the sled. 
For film-to-film COF the sled weight with the coating 
5 square is used and for dynamic COF the sled weight without 
the coating square is used. 

EXAMPLE 5 ; Water Resistance of Compositions of the 

Present Invention 

10 Coating compositions of the present invention 

were prepared as discussed in Example 4 above. The 
compositions were immersed in water and the weight of the 
coating compositions was monitored over several days to 
determine how much water was absorbed by the film over 

15 time. As illustrate by FIGURE 1, the weight of the coating 
composition increased only by about 0.5 weight percent 
almost immediately upon immersion in water and remained 
constant for the next two weeks thereafter, indicating 
that the coating composition of the present invention does 

20 not absorb a significant amount of water and therefore 
provides an excellent moisture barrier. 

EXAMPLE 6 : Hydrocarbon Resistance of Compositions of 

the Present Invention 

25 Coating compositions of the present invention 

were prepared as discussed in Example 4. The compositions 
were then immersed in a C 14 -C 16 alpha-olefin and the 
percent weight change of the coating compositions were 
monitored over time. As can be observed from FIGURE 2, 

30 after an initial weight gain of about 0.65 weight percent 
over the first day of th trial, th weight of the 
compositions remained relatively constant throughout a 
fourteen day period. Thus, the coating composition of the 
pres nt invention is relatively insensitive to 

35 hydrocarbons and provides an effective barrier to 
hydrocarbon penetration. 
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EXAMPLE 7 : Eff ct of Temp rature on the Coatings of 

the Present Invention 

Coating compositions of the present invention 
were prepared as described in Example 4. The compositions 
5 were analyzed to determine the effect of temperature on 
the modulus of the composition. In FIGURE 3, E r refers to 
storage (rubbery) Modulus, E" refers to loss (viscous) 
Modulus and Tan Delta refers to E'/E M - FIGURE 3 
illustrates that" -f r om- a-bout -90 e C to about 3G Q e, the 
10 modulus remains relatively constant. Furthermore, FIGURE 3 
illustrates that the composition does not become brittle 
until exposed to temperatures below -130°C. Thus the 
compositions remain flexible over a broad temperature 
range. 

15 From the foregoing, it will be observed that 

numerous variations and modifications may be effected 
without departing from the true spirit and scope of the 
present invention. It will be understood that no 
limitations with respect tot he specific compositions 

20 illustrated herein is intended or should be inferred. The 
scope of the invention is intended to cover by the 
appended claims all such modifications that fall within 
the scope of the claims. 
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CLAIMS: 



1. A radiation curable composition comprising a 
fluorinated urethane oligomer and at least one diluent 

5 monomer . 

2. The composition according to claim 1, wherein the 
fluorinated urethane monomer is the reaction product 
of a fluorinated polyol, a polyisocyanate and an 
i-socyanate react~i _ ve monomer conta^rning an 

10 ethylenically unsaturated functional group, the 

isocyanate reactive monomer being present in an amount 
sufficient for the oligomer to be substantially free 
of isocyanate groups and endcapped with the 
ethylenically unsaturated functional group. 

15 3. The composition according to claim 2, wherein the 

ethylenically unsaturated functional group is selected 
from the groups consisting of (meth)acrylate , vinyl 
ether, maleate and fumarate functional groups. 

4. The composition according to any one of claims 1-3, 
20 wherein the fluorinated urethane oligomer has a 

molecular weight of 700 to 10000. 

5. The composition according to claim 4, wherein the 
fluorinated urethane oligomer has a molecular weight 
of 1000 to 5000. 

25 6. The composition according to any one of claims 1-5, 

wherein the diluent monomer is a fluorinated monomer. 

7. The composition according to any of claims 1-6, 
comprising: 

a) 30-90 weight % fluorinated urethane oligomer 
30 b) 10-70 weight % diluent 

c) 0 -10 weight % photoinit iator . 

8. The composition according to claim 7, comprising: 

a) 30-80 weight % fluorinated urethane oligomer 

b) 14-69.9 w ight % diluent 

35 c) 0.1-6 weight % photoinit iator . 
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9. A proc ss for coating a substrate comprising: 

dissolving a fluorinated urethane oligomer in a 
diluent monomer and a photoinit iator to form a liquid 
coating composition; applying the liquid coating 
5 composition to a substrate? and exposing the liquid 

coating composition to a sufficient amount of actinic 
energy to cure the coating composition on the 
substrate. 

10 . The p r oc es s o f ci~a~i~ni 3 -> whe r ein t he - i-i-qu-i-d coa t ing 
10 composition is a composition according to any one of 

claims 1-8* 

11. The process of claim 9 or 10, wherein the substrate is 
a glass. 

12. The process of claim 9 or 10, wherein the substrate is 
15 a thermoplastic. > 

13. The process of claim 9 or 10, wherein the substrate is 
a polycarbonate polyacrylic sheet. 

14. The process of claim 11 wherein the substrate is an 
optical fiber. 

20 15. An article coated with a coating composition according 
any one of claims 1-8. 
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